Aims of this study: To determine the associations, if any, of cavernosal oxygen tension with vasculogenic impotence. Materials and Methods: We evaluated penile cavernosal blood gas levels in men with suspected vasculogenic impotence during penile duplex ultrasonography andaor dynamic infusion cavernosometry and cavernosography (DICC). Patients with suspected impotence were evaluated from 1992 ± 1996. Patient ages ranged from 24 ± 75 y (mean 48 y). Eighteen men had arteriogenic impotence diagnosed by abnormal penile duplex ultrasound after injection of a vasoactive agent, and 23 men had venous leakage diagnosed by DICC. Results: Eighteen men with arteriogenic impotence had the following mean blood gas values: pH 7.38 AE 0.01, PCO2 45.50 AE 0.94, PO2 65.17 AE 2.16. Twenty-three men with venogenic (venous leak) impotence had the following mean cavernosal blood gas values: pH 7.41 AE 0.01, PCO2 42.26 AE 0.83, PO2 74.17 AE 2.51. The differences in PO2 were signi®cant (P`0.05). A subgroup of men with severe venous leakage had PO2 values that were similar to the low arterial PO2 values. Conclusion: The low PO2 in patients with arteriogenic impotence, and the subset of men with severe venous leak impotence, support a global concept of low cavernosal PO2 as a mechanism for both arteriogenic and venogenic impotence.
Introduction
The mechanism of erection has been studied extensively. Penile erection results from increased arterial ow, smooth muscle relaxation and increased venous out¯ow resistance. 1 It is estimated that well over 50% of men with impotence have an organic etiology, with the majority of vascular in origin. 2 The vascular problems results from either arterial insuf®ciency andaor incompetence of the veno-occlusive mechanism (venous leak). Differentiating between the two has prognostic and therapeutic implications.
Venogenic (venous leak) impotence is postulated to result from corporeal ®brosis. 3 The exact relationship between corporeal ®brosis and structurally based corporeal veno-occlusive dysfunction is still not well de®ned. It is hypothesized that corporeal ®brosis develops secondary to abnormalities in the regulation of collagen synthesis and degradation, probably related to chronic ischemia. 3 The goal of this study was to directly examine the relationship of oxygenation to venogenic (venous leak) impotence. We evaluated penile cavernosal blood gas values in men with suspected vasculogenic impotence to determine if oxygen tension correlated with vasculogenic impotence.
Materials and methods
The medical records of forty one consecutive patients who presented to University Hospitals of Cleveland from 1992 through 1996 with suspected vasculogenic impotence Were retrospectively reviewed. Patients with incomplete charts were excluded from review. Patient ages ranged from 24 ± 75 y (mean 48 y). All patients underwent a complete diagnostic evaluation, including a detailed medical and sexual history, physical examination and hormonal testing. Patients were further evaluated using the RigiScan* (Dacomed, Minneapolis, MN) device to measure nocturnal penile tumescence (NPT). All patients had abnormal NPT results based upon previously established parameters. 4 All patients underwent penile duplex ultrasonography and dynamic infusion cavernosometry and caversonography (DICC). Patients were initially divided into two groups Ð an arteriogenic group (group 1) and a venogenic (venous leak) group (group 2) Ð based on ultrasound and DICC results. Patients included in group 2 were further subdivided into a mild-moderate venous leak group (group 2a) and a severe venous leak group (group 2b).
Penile arterial evaluation was performed using color-coded duplex sonography with a 10 MHz. transducer. 5 The peak¯ow in each of the cavernosal arteries was measured after the intracavernosal administration of a vasoactive agent (20 mcg prostaglandin E1 or 1.0 cc trimix containing papavarine, phentolamine and prostaglandin E1). Of note, we do not re-dose the patient with a second intracavernosal injection. The concept of re-dosing is not well accepted by our patients, and in our hands has not altered our testing outcome. We have also found little difference under testing conditions, in penile Doppler ultrasound outcome, when using either the trimix or prostaglandin E1 as the intracavernosal agent for testing purposes. Furthermore, inasmuch as our testing environment is not conducive to patient self-stimulation, our patients do not self-stimulate during the Doppler study. Parenthetically, at present we have moved to using the penile Doppler ultrasound as our ®rst-line test for vasculogenic erectile dysfunction, and currently reserve dynamic infusion cavernosometry and cavernosography for selected cases. A peak¯ow of less than 30 cm per second after the administration of this vasoactive agent was consistent with arteriogenic impotence. 5 Patients with abnormal duplex ultrasound results comprised group 1 (arteriogenic group).
Evaluation of the penile veno-occlusion system was performed using cavernosometry and cavernosography after intracavernosal injection of the same vasoactive agents.`Flow to maintain erection' values of greater than 5 mlamin after injection of the vasoactive agent were consistent with venogenic impotence. 6 Radiographic studies of venous drainage after intracavernous contrast injection with dilute contrast (Conray 43, Mallinckrodt Medical, St. Louis, MO) provided visual demonstration of the abnormal venous system. Patients with normal duplex ultrasound studies and abnormal DICC studies were included in group 2 (venogenicavenous leak group). Patients were further diagnosed with severe venous leak' based on¯ow to maintain erection values of greater than 30 mlamin during DICC. These patients comprised group 2b (severe venous leak). All patients in group 2 that did not satisfy inclusion criteria for group 2b were considered to have mild-moderate venous leakage and formed group 2a.
All patients underwent cavernosal blood gas analysis during duplex ultrasonography of DICC. Intracavernous blood was aspirated via a 21-gauge angiocatheter and a 2 cc syringe approximately 10 ± 15 min after injection of the vasoactive agent. Blood was immediately sent for laboratory analysis.
The pH, PCO2, PO2, methemoglobin (metHgb) and carboxyhemoglobin (COHgb) were recorded.
Data were statistically analyzed using a nonparametric Wilcoxon test. Statistical signi®cance was set at P`0.05.
Results
Patient age, cavernosal pH, PCO2, PO2 (oxygen tension), metHgb and COHgb values were recorded for patients in each of the four groups. Mean values are shown in Table 1 . Statistical comparisons were made amongst all four groups.
Mean PO2 values
Statistical differences were observed between group 1 and group 2 (P`0.05) and between group 1 and group 2a (P`0.05). No statistical differences were observed between any other groups.
Mean PCO2 values
Statistical differences were observed between group 1 and group 2 (P`0.05), group 1 and group 2a (P`0.05) and group 1 and group 2b (P`0.05). No statistical differences were observed between any other groups.
Mean pH values
Statistically signi®cant differences were observed between group 1 and group 2 (P`0.05) and between group 1 and group 2b (P`0.05). No other statistical differences were observed amongst the groups. 
Mean metHgb and mean COHgb values
No two groups were statistically different.
Discussion
The study of animal models and human volunteers has served to increase our understanding of the mechanism of erection. 7, 8 Canine models have demonstrated speci®c anatomical changes during penile erection. 9 Arteriolar constriction and sinusoidal contraction occur with¯accidity. Both forces prevent blood from entering the corpora. Sinusoidal contraction allows the corporeal venules to drain freely to extrapenile veins. 1 With erection, arteriolar and sinusoidal smooth muscle relaxation permits an increase in arterial¯ow and sinusoidal ®lling. 1 This increase in¯ow results in high intracavernous pressures during penile erection. Under these circumstances, venous out¯ow resistance is believed to be due to compression of normally draining subtunical venules against the tunica albuginea. 3 Previously, it has been shown that the smooth muscle cell represents the structural basis for sinusoidal relaxation, an important event in the erectile response. 1 Given the essential role of cavernosal smooth muscle relaxation in inducing erection, studies have suggested that vasculogenic impotence may be related to corporeal dysfunction, rather than simply impaired cavernosal arterial ow. 10 Cavernosal arterial¯ow, as well as venous leak may best be measured using color coded duplex sonography. 5 Although duplex sonography does not assess cavernosal oxygenation itself, Knispel and Andresen 11 have shown a good correlation between peak¯ow, as measured by color coded duplex sonography, and maximal oxygen tension. Their cutoff values for peak¯ow velocity and oxygen tension were 25 cmas and 65 mmHg, respectively. Values less than these indicated impaired perfusion in the cavernosal arteries, consistent with arteriogenic impotence. Similarly, we found that 13 out of 18 (72%) of patients with arteriogenic impotence (group 1) (peak¯ow less than 30 cmas) had oxygen tension values less than or equal to 65 mmHg.
Persson et al 12 has shown that patients with arteriogenic impotence have alterations of the cavernous ultrastructure which primarily affects the smooth muscle cells. Sattar et al 13 later suggested that these structural alterations in smooth muscle cells could be due to low cavernosal oxygen tension. Vardi 14 demonstrated that cavernosal oxygen tension was signi®cantly lower after the injection of vasoactive agents in arteriogenic patients compared to those in the control and venogenic patients, who had similar oxygen tension values. Our data, as well, demonstrates signi®cant differences between mean oxygen tension values in arteriogenic and venogenic patients (group 1 and group 2, P`0.05). We were able to further identify a subset of venogenic patients with sever venous leakage (group 2b), based on¯ow to maintain erection values of greater than 30 mlamin after injection of a vasoactive agent, whose mean oxygen tension values were not signi®cantly different than the arteriogenic patients (group 1) or the venogenic patients (group 2).
The pathophysiological mechanisms of venogenic impotence or structurally based corporeal venoocclusive dysfunction appear to be related to elevated corporeal connective tissue content and ®brosis. 3 Several authors have reported on atrophy of trabecular smooth muscle cells with increased ®brous connective tissue in patients with vasculogenic impotence. 12,15 ± 21 Corporeal ®brosis, seen with venogenic impotence, is most likely related to chronic ischemia. Chronic ischemia probably results in abnormalities in collagen synthesis and degradation. 3 Surprisingly, our patients with severe venous leakage and normal arterial¯ow (group 2b) had low cavernosal oxygen tension values, approximating the low cavernosal oxygen tension values observed in arteriogenic patients (group 1). Sattar et al 13 likewise observed that patients with pure venous leak and normal arterial¯ow had low cavernosal oxygen tension compared to psychogenic patients. These ®ndings would seem to suggest the in¯uence of other factors, such as age and comorbid conditions, in the alteration of cavernosal smooth muscle. For example, cigarette smoking and toxic nicotine particles can inhibit smooth muscle relaxation of erectile tissue, thereby blocking the penile erection response. 22, 23 One might propose that there exists a continuum, whereby mildamoderate venous leak leads to severe venous leak which leads to arteriogenic impotence, accounting for the similarly low cavernosal oxygen tension values in groups 1 and 2b. Alternatively, it may well be that our use of Doppler ultrasound may not have the degree of sensitivity needed to detect arterial lesions. Indeed, DePalma et al have demonstrated that in approximately 25% of cases, men considered to have pure venous leakage were found to have arteriographically signi®cant lesions. Arteriography may help answer some of our questions. 24 Regarding cavernosal oxygen tension, patients with mildamoderate venous leak are probably different physiologically from those with severe venous leak. Further investigation is necessary to understand this phenomenon.
Conclusions
This study was designed to determine if potential differences exist with regard to oxygen tension in patients with arteriogenic and venogenic impotence. The low cavernosal PO2 (oxygen tension) values Vasculogenic impotence SL Brown et al demonstrated in patients with arteriogenic impotence and the subset of patients with severe venous leak supports a global concept of corporeal ®brosis secondary to chronic ischemia and low cavernosal PO2 as a mechanism for both arteriogenic and venogenic (venous leak) impotence.
